“Calhoun 


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1988-06 


Data acquisition and control for multiple 
composite life tests 


Emery, James W. 


Monterey, California. Naval Postgraduate School 
http://ndl.handle.net/10945/23001 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 
| (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist sia Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


NY KNOX appointed — and published -- scholarly author. 

ia) LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 


bee d 


‘ ‘ 
' 
’ . 
i 
‘ 
' 
. © 
' 
i 
' 
Ul 
t 
{ 
. te 
s 
' 
or i 
ba 
a | 
' 
' 2 9 8 
| 


ry 


o 8 
4 wa hal . 
‘ er i 2 eas. 4 i E pet hed © AIG crete oh 
a ’ J 1G jie OF) ir Ce ABs tbe Pasa 096.2. = es Ha yer tre ite 
D oasQs a? tanales RY Wri eats a APOHA say ahi as Rt 0p O89 
fw aAGAS es: APR" 
Peaep- 
































































































































































art 48 ' t 
5 4 . of 4. 2s his Meth y “ 
a sot gant f- t “eh a Les H re AEM be 
' ! e@: 4 5 tobe a riba e Haydababen 9) * basen 4 ie 760. 408 cpaleaed oe, yee og heag' 8°R4. amb Paes 
. ' 4 4 t tas (8 t ut ihe > teh Os : &. 3. @kis 0 ft nae bus Ly anes sate reei@ewm ear oe @ wweraanal 
" re et TEP, ‘* ab ar" D padtadst wee itt yar Agtee RT ora AsReO8 20.» Lea: we pe sce aiesan gen ee" 
mo " es. 4 a4 9¢; Vipeaetg a eg Fibh $2 00h arVin oh ataAcra f Cay ok abe wth * if BQ) OAR emas re 
n % a Ca] arb aft ' ge ’ ni . Th’ 2 ad ee oo weote, Che a Pr} abel S04 O)s 82? 2 +4 1a“ rp ¥. ef 2s Tne oor me bein Oh LD ANE 
: oe oh te as dv id Yup) 8 tt ALE SD UO eee tae? a3 rae sageste aye Saw P dt PAB. GER OARORIDPDEND O08 
cb he ot 1 a ‘4, . yy a bY A. » SWedt mate Mey hare icPar et a - ard “a. fe tes reer a3 oyeees ot Sy peepee 
& ' 4 3 As i4¢ . a pee’ le x o.4 finde ia A ont gear & Re eat ] ie io 41bPe be 
1 ' 1 I ! wero oie ae OP viet BY Me 6% Bot, *, rw 2” * “ne Py) a seeattees A ward gehts May eee Page teaBlhg m Ged Seems 
‘ ‘ . mt ' Pa aeluv rT ry we ed iow % ae vl he Ue) 1-4) aii re a aa ry 4 PITT y os a ot gt Sesere FOES ha Be Lying t4P4 OSM Do sew 
. 4 ie) Tart A i ‘ Bas ras! ‘ Pe ov oh lls 3h s tet a eso hier: o! heer titnaysaaegis AA deg asian -behes  domy tanange age im ws. 
' ry tt ' a en ah 6) etl Re “~,e15 O78 & ' ashiauad . aasd} Ro Ah st by a elF sabe. Og meer a.40om pas 
11 4 ee 4 uv =! * ae thr ucd Am . a ds ton yah nibs ait a5ay “net ® aaeet sataete ee ae beep be Ba 
1 c ' ' » = 0 ade ge ge = vous 5 omy ja 8, act oe ed ' . een a rhe on 
. U . os & MN ry i 1 AghE AER Soll te ee yee aoa 
. ' ame StL) reer) UG : 163 0 tet. Mee ‘ fems%r | ath! ark De Faswsne * 
i) ” ' af ipin'' my ! r hs Zh HA i ar: of AD a dy 40-800 boots Bet qh. ft os*. ah 
in ‘ ' . 1a! Pea we w er et a Yon fa sgBompel 8 & F..8 DLs 2% DR i Pt 4 P cate RAs’ Boots! @ =" Ne eartperky wt 
' : A e ' Ma tet iL ceoee we vplh’ drdgy Aided | tw DANS Petra tgsb viicagisadene Bs S9RA,R)- eReyeBoAdh Xi oe Bo, wheariiaee Rep oe 
’ a . Us se % F | x, ¥> =a leary; r F phen, fe ie 4, at ae : Ut tats 6 Fer ae a “rs rere * as aBudshs te tng ‘48 
. 1 ' a 1 AP 9t BAghad § M Lg ‘ 4, 5 Me Tt eee Sh Pate ae of Wie a ea pPrantst 
ea ' ' 4 " Sige fee Rhy te 4 * cans Oe, Oo Uy AarAN bay mp geoe bea re mesy ahs aay this 401 Asa ry we ‘ 438 G ot LA A DeG ppeee © pmargnaeessly 
' ar) F Te ook a 5 Bo Rae i a 8 Ma gt hat. $ + BER As tgASHA cae 3eh Sov, a as eile va A RD oA she 8 OTe THES Lead 
n* {. wy an) Wage ceries goa VI ow 1 ela Hoes ke ge tae JT er hr tee PTT Hot whe Wi Pu eo age enn? a re es 14agde orm 
' . a 4 * ei ‘ ey aad @ Buy NES (ape Pe ate . ota at pee ee aN Ateny Dire ippgnas a seen sso 
y a os ’ t ~ ee Rit SE belt Bote fle © Joye ion We: Vshiae fe UIT. Ad te ols by aga jar) ant ae aa ee fev = Payasesiens @ be 
we ' r ’ abe post ae in-d' pa th Peimee vp 8 nga c8 Hd, SPACE a oe tt sO GPt RBA STI grkoh dy e408 vue Earn os as 1 ROAOAN 
3 ! = Pe “ORD 1 4 , 4 ca 1 Im peat 8 amet See ’ i e-Dgegva 19h, dove jigyul aw ; ¥ Negi pote asiutee ae? eee rere 
ee 7; mos & M74 ; Ce P 4 a ear Ooh, %, madgrel Yet ee ee akd br of Dyes R t¢ wt gos te &: Leds 
1 ' ' i - Pe Wi =» ots Tr: o' pas dP ee ‘9 y ay a wet hefty 4 Ast $ pete: — Saag ee te, J. konto ha ew 8 ie Lgag dD aren Bree apt 
1 oo Ca} ry 4 ° oF t 1 oa, a isa ah me aleseee ss Bol 8 S7haag® t pity ae Ab ie. By sah 6 & BOse5/ bot paces on we Mie. es seeetsepaats one © Ow 
y . tag? san 4 x 1 on % it Led, <i Jo, 8 Vue 6.9. ue ee MPH, eM 9 OUR LAL Be Se MO" ys aba d BAe Keg we Ay RA6 Ay AUPE? Sool 186 hasten SO! BO ahtage} a rebeaiaes Speer) ee 
" 8 h Oke yD Oe Wert oa Dn ee a Aged ey ofyupa t™ (Ape aga Agate ‘A. Bege sg A oP. eo? tbite ane =i t 4g pate ss me 100 Bb 90 BUpan esa Rs & a hetsar® 
1 i a an) hie, OB ud 3 Fe «ia 0 ae eT ee > sha natal NM teh wt Ohare ap PAE OFA OR0L RM he prleey, o1egaen asezeras Aye nae SO) 
1 "6 ® fred Leth a ro Tl tedsd VY. gots Bes, bard foe As Pred, wate! Higdihgs a fue S ete eh ae ary oy ares 
' “ ' oe TA ty! 5 ep Byltfrntgmete 8 4 sa OL EEE eM TE Mate sty A Bpasa® iacdoed eather 
“4 +4 1 ». ‘os UTP dae * ah ie Agate? ER Oteea he tars — 04 52% AP we rere ras 
' eu Ay TL Cu Ps2 3s oy aaah oe ee vote matinobecesde YHHE $ sae _ 
' .¥ wt Eanes Males aeesrued 5 oaheent anos Py Pear ht ba “ 
bee Sats a3 *erey SZ Sete el - ies ad $5 ae meh ahh gin emcee AiG O9Rs ‘Bie ee ar OH ALS OD Fe rhb 
1 1 rors 4 bh Sefer dhl Tat bc ae ade, oN Fined. -B Veto oe 
' es 's ‘ nek genet alates) Mas ery gvched 659) 3g¥ Aarts diy roseasnene 
Fd Eg bitetg ce 20, Fed BS je Hede§ . 5 eee" . a #152. S207? re be Hi 
' PTR ee Na " oF taboo rahe aN sala es yaehpaatangiae serene 
' 1 Oh F 1 WHO fa GP LT} 40.4 ete Poe rut. % bk 430 
' : \ “ eet { ey pr BU.4A0 OF map Bane Paes Sansa 
“fe £0 'he oda 8g oe 8! deg 
® s 1 ae al oa ‘ tet mt mag Li abe 
4 a ‘ Relat ih cee ie 
Cte 1 rye) Ee | Wy bcioay, pat we et be. ngenesne 
; “ ' 4 hard OAs Pa Anine SEE RSS Vie 
’ ' Des ' atta ea Sate gots ee ata m Paar aah eg a ast: tot 406 sia seasetita 
r : me f° 00 o iA inde Agss ta® 1 Bae ieay sage Bk ‘ae Re marys yy TH OE MSE 
eee SH gi Se dite aca amos rer Ava vhs Lire Migr de ty ne ors vs p> oe ad jaa beta secoe ree aa ests 
nei, iy . he 2 blow, be ie Awe es 9. pga 8 Var fe rmges ! pean ms ty hetever 
a4 H + py Hy eae a7. hase sitar get an ‘he * 2, Cereraetirs Prt Ape ko 
4 ba siden! wee SO Tame ae Types © LMbr Oty: 4% e He & OO 
: ¥ : tagae hy vey fe tat Faas & pipe tag cant a teak Reta 
' t Pr en | ‘ mid ’ > aes apogr as Byres 5 vb Ayah ity aoe Sf Bagger el ae 
s s aie z wr 
. a 1 Pn PLPee. ? Weta A) er an Pty @ Ppa © nd $ee%n8, a > Aig anrniding b- yey BM MPMPELIBAS 98 abe 
1 yY 4 ar it er ' : eee FAN te’ ¢ ie dsta a Sesssiee Razg be Com £1 vi, 2% w ee ag de be te dy & “gt Steer ome 
: . x +2 1 gwen =f € oe poe 5 yy 9. eeTeyL MI On baad sues pare to we me oc og 
' ' r " . ' wa wi = " tof Uyeda Paadgagan fy tra’ a he aNeg ees area te Ae co me 
. ie i gota i J ar te" a, % > ea ee f Se: 8 ash eee ae ream, Sm. opr oF pb esis 
wats, re aN } ° ‘ dit, ¢ re T errr * tnt. oth foam nes pee Neu anges Rega Coal 
a ‘pac a | 4 , ' 4 on i oY 1S Peres ' Pye re, a 4 > ‘ e24t peveatrees Karr paetiin mele alee er aynan one 
Fs v4 i Pe | ' i n) ‘ ba ody ig 82 Me ee ae * (DE Se aa yee ae gen an ages 9 ped hired 
Ue | * * 41 11 & ret is wt ae e WwP Ve 4s eae gaat Saag sardy nye my A ests peed Winders <a 
, Bs : \ s \ At Rogge Aus , Bejadys UWA pre aes MEM ASR ek" ark. ate hatte Castner 
! ow 2 4 } A 4 w+ i ¥ alt ptage of |! ght Ss 89" F ia tem apres ign¥ a %. tie ots by pes Cbg en SAMIR cobs emer 
1 “lh porte « 7 wet < ee gtg' rtd "0 mit 8 2 CF bc s$ree st aspire APOs eee Be Bhipm ‘i ea bwcn sgh: Gantore™er oy o 
p ‘ ’ “1 rr fps * aghes Aqgt aeetegs nth > Ficdgsct odareas. wees: uy arrears thd ee ac paeasagn © tw egasas Xoie® Sol® 
' L) % ae ' ra, t asa th 8 CO jot ey i “Rat mitt P eis rem. > er yn ae? A Saad jaae Seas oi tran of if LAT on ieee ae ee 
a 4 ’ i i 1 - Apgh or sence, “ate BL tig tii fy greg agofade (=: nae ein Ayh. te Waits OT IG Sei Rad. ¥ aan Pettgime Ye & EA 
‘ ' : = ee. Loe Ot? engevedizm 'tar¢hane ce yg 18 84dn Se + are Font *agherma de® ag Be ww au G5. 58 oA “oy Aang te ty 9! hy CUNO 
4 eof ' . 11g fo PY es Ay ABA} ate vp Upbeat, pa 1 at) his Ulan! ere ers scan See fake ab ay Gy-9e0p ote ky! 
. ® s4 — j “44 a! oF 4 ‘ster g gee ssa dar eager ? a eit ee yh te Ase, mga ac} hes, Tes sagen ys her amate © 
‘ . #° ‘ a . ' Th the 4 geet Mich? nae Beles tee ¢ Rte esd) sioeee 7M ee Oa = % 
1 F , ri 1 ¢ 1? oH 2 Cae Wigs s alaie +8 fa perreiae tri ttre) es Prajt nese ge" oe%s Suprise har’ 
' ' ie tg fyet a toe A195 Mtoe 15 Nas. anexuitpeeng: oS Siew est Se « Meas ransessens b 
on . ." AF aa ibe t ag fe A@9 5 sete tegte™ ee mpbeares ws nwa" p yas sipaigen ston, me 
i" ’ a | . . t ah ny ty Jag hs © Aapet§ ws 4 ede ahi? jw eits sheet ie 
. J ° i ry ie * g t Mosk. 4.41 arn Ae ae ’ sea! qed wh. set fi ye pai H Bynes shyoaeees 
i ian i » ° ri ane 2 eo Rar. Pe: 4 re ae ot T=) “ eas? rit Ee: Sshee aheach a sive 2 8 * has yer Rare we tees Ore ree ~ 
Pa ' a is j yevida s Mace oh 4g Qe Cad ni pesenert u $i Nis af ps yh! ae ti ¢ = bee 2 wu sms gem ms erage 
' ' ty i 4 . tC; i ie * ih, ee b ac t Nass oT rdfiagmn ke RE idee) ates ‘ o sane .* teat aan: SS 
' » «a e 7 4 » we t ch nak Aris reseangvrh i s £ Riis te ie nos pet 1 tah © sane ae! x ~> ayer 
Le a ys ® e o PF is {<3 nie Op Dae tl yy i” 1 ys ite a Pi, Hehe 77 A ‘a 29 ar Z Se mayen ee Pee, 3 peuee i 3 agop pl oter 
. an’ eé eis * AJ sa Pe +? get 1 ep hyeet Fue bas a ‘Wphayss a we ge al I ote i ee, eee as Y 
e? ® D . on ’ os ° see a Pon. a Bre? pa a? | vw pee a og a P Thal 
X, 1s a ae PL) | eres Yaa oe ° we n sdagag Mt tt 4 gadis oy § + me thte 0 
Ae . “ale 2 * * Pa tin tals 3 sim > ad signe og 
u r) x aes "4 - or APP e 
: a She. hfe. i blinds’ % tet ce ary é hain e tem =e 
SY ’ cP Ly and te ¥ Se the 
' ' 3 w Yn. is’ te Gente aN abs ops aga =e 
p's Hef aR ae . pT pl Le wages oh 
Lert wera 3 te a Se Se ee ete 
ieee : 9 "Og ig te Fee, ane ar ary. Vici gt ‘ai ° 
: pote ene ts oka 
' ? bE | &, ‘3 
. '‘ >a’ wr 
ae i. et Ps Sidi a 
f 1 ae 
6 5 F 
m 
Dz we Ae ne 
g ~ 
> rr 
i] aa tial f ae 
Wot 
. 
i ' od 
z 4 
en 
a 1 ‘ age . ; 
° P . e al VE og pan ipte 
eS 
' : 
¢ > 1. 4S Rha 
’ ‘ ! ‘ ~ sy os 
ve 
¥ 
. ’ 
' iy 
' . _ 
' . ss, 
ca y I ge : 
. * 7% 
U at ‘ Ce duty 
4 : “ ' f: ny. 
sa * 4 ~ oF eter 
: 5 re Ee ea 4 
i y pee Rt a F) Ne san a a 
8 . 
es A eee Ody 
3 * ‘ ¥ ie st. 8 We : 
‘ Wa serseF = Sz Se ae 
a ry “ wi < ? af 
© ' cere ee “re & 
' ’ : ra. oO es: 
Joa ree Maeate adh 
ees ney aes 
. Ug xT penn hy oe 
: E cdanscy” pote CES 
. ‘ r ee. cart - « i i ¢ sae SPs Let a oat oa 
i fs “a eves Pith aes 22 . eee $ 2, coe & id & if Fc 
1 i tes, spe Oe de 2 7S Bh a prod! | ealtadg e O) aa SKateret 
' ee ae : es foe Ce Oy rt tee wqrte ge! oe Re ye gt} bg were’ 
se; tific, Mites ray A Seana Vote pogdi cs oigtetrta - poe oe eager ys ere 
’ + ate Pe re hig a ee 4 r weet s Ms ah ch, qt rever, 75) way s Pewee! 
' uf a +.” Tire 45530 o anti * oe ht Sat) “yt ey tern, ot raid rf fogue er OF 
eon * ‘ i pp sangre ic’ Sam “ tei: PE Fete wee ee, : ole ae 
' ' . i B o+4 te he ne Bt ed ean Se: ak ed ah citer Spent om o: 9 a : ple Sar Sree 
' ” - t Pid 6 4 ' a \ . : ot ' Par es oe ce . 
; ' : Fees tie? sem ot Raa aR 2 as Aan. eee eae MPELOre rei Bese 
a sb see ee? * s.,808 mece | fT in. « Et” HH ' SLR epee . #stytet (a+ agit pew | i: 
ais 1 oe e@eert ef at esta eget wy 4 ae fe Sbgeerse ey 27 oie 
+ % cay Ss mt Pal 
' ‘ PY 7 we 4 dared rade hoe wa hee 
. al ' e Ne 4 ce at tT a he ol ‘ re: =* 9, *© rtgo 
i ' ' lid a y ae 5, Fo, ‘2 nt rise eee ‘aicis 198 
Prabal F} ’ fe) * if Pore sw Sgt € se s an? - ory pe 
: : 1 Po a be du decghe ete, 4h Gry! ¢ aie Ce 
5 t we ory 3 mek Ep wey” sie et c 
1 ? i . Tay an 5 wea ae 
e *» ¢ a i) 4 f%e 4 a ® a tale i, Pe oes 7) ope sot ree th abi 
i 4 fa : “ bb ete oF e gee + peer e 7 ees al 
J ' oe] We we? Rare GAT 3, A Bast po es ne . ‘ 
iS b Nee) 95-0 a1 savig | ae ot tea, Meer ye se" apts Sth ERE in age Txd 
' i] i os Foe r ON fo : Sere a pete oe 5 | We ape a * ors uy lg wae 
’ ‘ 1 - a” ing a wn U ster te wey rf Let neg? tewtet qs tet % — | wrt? "* . 
a f 4 r 4 ty « ’ s 0 re SR agg ink, she wae eene Syee et ig eo Proearit | anpae or aad yi ved ie veaee PEE ayer fete w= 12 wr 
5 - a ee a a ye ak KOT I ised 0 grare anny GS lhe aI oe bet we hace PP (oth pote ciel 
ye ewe? « 6, ee "% f= iin 712 ow all oad f had 4 yi avr, Spee oe 2 se eee pone qaeepe - 
5 ; r] «ea tte oh ae “eighteen W irroat wre we a neem 0 an 
: : an an oan hg uta Sle liars Lal PP nh tuew eres) wmoee aime veede, orice te ow 
er | an &, een Ba raw . ss rsh tpetsss ae Sp ae icra Toy tease te 
e 4 1h owt gts fe te UR ae sree vere, 65 er pee SY neahss 3 amaipeyerss 
' perp KER we vey es sane sf te ¢- AS At onefa int eve Srge ae eyecare & toa 
> 6 ' 3 ay * Fi - fotis s servy erg haty “hve ny peventy Siete sine 
, ee) : ” . ven w hg pene } os ae - arkiagraees aye mgs he ote’ bod be te BOT) or 4: ye! baedgpicn< 4 
a oe i sty Pe vs o's Fe® . mw 14,4 ay Levent VTS PO wet ies pom st) Lay ng riser ey ec Be Kg tbesicnr >: 
: ry aan Zr ater ee: ae AL SE rest etree Pi Si pgit ct tabeeetgreemra ig 
o . « 4 . es ry bed 
, ! ' ' 38 24 pees ary we hae ages tteree te ng ees ib ittwartes bt erett dekvtat dh fe ect inserter rns Sl nteeaiell 
’ a ry F ’ areas tote we op! peering Care *Y By (io See, of tps aes eee | 
=37 rou wap ee OTe aeton Pe Fel roll nt Aba pln wie ue we errs ee 
ki us “en ¥ pee ise nea es vareet “ie SF vimeemngtle rat ayewtt i app eaid eet anew 
sjueset? ate’ roo hgias poe ad queues aqadm oa “— Fanclay : 
“a Ka Chis res AUOTN NG OH wm caltiaapibcslmeecre ress a Sap oe rae Tree | 


rr 
- 4 0 ar i ian 3 r, 
Fak ¢, op ne 7! poe ay 9 it's 
n f és noe whe Arr. a te 1 hate EN Lettres epee aeg? 7 «i ey aig Fy yi a", 
. adie evap < 4% 
omar orire — 
we alge 



























4 : ' 4 ca M by , = F 4 5 . 7 - 
' a - He wa as Noe gy Se strep é int ey aaa mt oe gia woven abate eo eks aed hg OTe hd iad di tate read 
4 a “e so Fa P rf cd aie a? Fr ab ote Fee eerie ’ whe on poenesagen oe vs) out pipee fe debra BAP yo 
ee i @ re f wet ry Foe * Tain eB cohol yt ee an Le rartart om Peers 80" h geese reetigl aera ane Carga! pt yee ’ 
; 1 4 . re #445 Sw ret atl abode iy bp errr peek eeepc pl a dnp ot PT ad al ean ttl 
4 i *. ' . ' os. A= er iviherlues eye -8 ses nies aU, ome . o Grace wreyer Pies TSI da bee apactel tevin ee OE Oe ewan 
a L vowels Picrer fonts Diep kea Ha ppabarent otvet) ee tbr) ins ett 4 rr aniyarre gah Dee ereagree? pone: abe pak a fone et 
vi 5 AES Shee >a a 1 ‘aoe bb aden © Fa: sibs ee -ee Per Lo 4 oy oo" elie watiennaiee et ee paar 
6,1 aay ‘ “Ne - i “a " fetgen } 1 1 Eilaedobaew, Meret td are Bag crddcn Ff Pants Sin nie tae severe 98 pte ot gage nang aig eee qian GRETORE™? 
oe & i diny , vraayy ‘ if. a4 Tal pus. ites att 948 naif et oe ae he akanton te ae i + “ a yent a? atele Tamed ect POSE 
a ta o Vins = 670. ’ 18 WH ee y ee “ «ahah Se an ry veay Me Ufirre “pa puree soquees® (nicaetiiatahatt itt apo, 
: . pe om . 4 + 4 Var a th oases i lll vier Hed 15°, fi Sheth 7 ‘hata ome Ms Aah ve se peed Sas aeerryy abot i as aneree fiat re eee arnt 
7 i | e er pha aoe o6y ¥ J ofet ™% bd ¥ Peis arly . '’ fe ' spe 
' a” ‘ age’ 5 Maa gees hive fy ae" Brdips 29 ph 9 pa wait govt Ae pi reett @ ge Bae rE rath ao rT DARD ATIe Oe FPN 4 
: oe ha kd : ae id ia * ahs bed itt bd : i epee $ Sxaet ‘¢: A ee ‘ bd akan fe tule Seaton bbs a per arena read, presi dpehe 19 temee eee 
‘= SC rt rer i rie ts ie ar | oteahesirhs abt ct bythe gmaven pepe waceretens Senne serine pal ebrniter ni cetaerene ae ae 
‘ Md 2 ne ee or a as. Sete f senna FP ered B1gs Mule ee « of he go ewes lide ae vv ane, ae VE wie LO © moots rr ore poole Geos 2 iPaper v6 ors eTS— SANS omen nee 
° - i . Poe Nh deh Piles Mila dak Se leh oe 4 pret eae a claps i wr Vimar a a remenlyt aah easy ete Seicgat er yt ne 2 fit pemngeenan ae 
* we ae yn TR cnt ana aael a gamete marae et oi eatin rca erence iors en eae pesca 
1 ’ 1 . me t PON ae tha pe Ie Me a ga aes Poe nie ie io osacgre re, Pe ah ae er ara earebac enero ey bee opis ner 9 Ore atm: - gel ac 
' Li ; 4 ’ te as oe i arse “Ahe ie iam Ae “4, welt * Hacloot saa ene gases aren frwssorroee pecibad aban shen 7 “pee peda renee o pa erCanareaT 
. ' ° ho ud ek a 
' ay 4 1? es ' wer ’r 4 vey ay re ce *¢ Be dvshes ave Se asia erey hearer : ered eocerseetes" eet cenap Sere Pac ent ee hncce eee 
Oath § engnpee edn exter eate een W ait emery Nam REP ia etaite tetsu manatee te ogrereee 
1a : ' os eet id id les mo ty w. naw ietesne Po “fe sete prrahtes rts iagtont"" at Ceara Batt rn cetparimag ee aT 
? i 4 ha ugeg ys eee oF ne ea He = sie Lipa Se grt eo ts a ane ate -* were ae 
A ee Uap bet nine Oa? te Ge hare Mute ries eet raster Pcbattepetetat amas gear 
: ws * "a! ss ee 2 ; pre oe Mi ats i he nre Sa sapineient erences nega? pepe saat Pe SIT ss ohatlale ici URS ee! peers Rye ST" Tar Pe oa Tea TA OIE! 
' i‘ ats ont - eo mt 0th ett ye gslyten dient ater phe tyr earetee oprgems: ee total ya nea Pe ak ne ee ep aaias ror eae < grten epnnrepey sien oe Fe 
¢ @o4 4a ” . Px ty we af rile: Slip accude oth beta? ” era ret orl ee Se ae vty 19 rrp t Det en eons on p ORE here # ~ 
’ ai i | allied # ot a eke PENS NP PYRE ye wee. piemlroad by aiacase Ov abs we mae Lady jaq oP © iene A7G A rene SOD 
' m Fiwe4o ot ey Le Se be ae. one ieeequcye Fg pe pl eect bees ot had} 4 pSpeveviare von = an 
, wn “ee ‘ hee » SM 5 Pe RN pe hghpert sea sdebrssreny woyewad roataegtycon eh 4 Oo ete eve searween Asie wae LeTY 
; Ps ; = é ¥ pba ho} veares “ 
; sore « Sy .'3 thes mn sgersen 4 vey. 2 P%~ pale a (3 t's Ghost asprin Betcateazar ba reccas tse etm aon ea esac epeeen oe 
; * i S PA a bay eke hy ia, ne eon imegpuwnrs ater nor 78 » Bee eealian ga vetlhe oppo a wt al eee gre eh ormmes 
: ries i 33 dot ae ay oR Wass 9.0057" epee Faerie Soa ne Nap e eter o pater ecetieae s or iienet o rremaes gia mae Te Tuy uses ween eee ag, 
; oe gag * wh 8 5310 6 Phe ee oa tiara A Cifeap thay ssn! e Aart Seer te ind al oeitint 
; rf 4x Re hid wits: 1irtrse a Be we pecee: ase Cay Sa cre OREN UE Fee TOS om fe) Pt compete Ae bleaiatliatvrt 
i ' 1 Ta £ tas ar crease. 168 pod hp ao ote awit ss riceaniras tie antes ei ees od vanity Soothe ben gerne? 
: 7 t: ry bee ePyD “tree & aye oom asin vy eee OF Senge mplantetotpy opted Lareabe eve reer Been 7as dered ove 59 greta Cite Te kt oP ts | 
: - v  F 5 J Pek wy oat ete sy pee % Th iiretutistasmre sacle eee he taba "Toda ee rT 4 Spee cee 
i 4 4 war Wott meet bow ayer . erpeyvd porated yoveih dat os wemawite 
7 : a iy P “4104 md gts She eh itt i age rabid on tate teens hrcinn eipermacavateoni ta aoe fannie pier baal 
#,< - we age , 4 ‘ 
‘oe ae ‘ ss % m s ge : ne > ze ah the eT pated ecvaaverreun megee (cara ta sre he es ee e 
fied ; 4 » ry es? se ES ar Uk Ree Abbaned 4 in reese she eben preven birsetararth ew 
+4 : = a” : aie pee Pactetete Reo eee ye Pe) of 7 oetre Gor wares 
x? , ‘ Rod pe epepeneat poh Rat of Hamel blot cise oe Ne ar it arene C2 ei BOP My a08' «| 
1 t I phos 1 pepoLs seoonaevaduyae oreet ait owe sehen sd ede od roe eye Ae 
( : aa 8 Wi Qery «2 eee. H eat! , Fate 66 Grattan ttabseeta ce oe Gd 1 Oe wrote Oh reerine me pao Bi 
‘ ' % j sy “7% ares es saaoe pr ay pect bu ld pant pas poate ha rey ra Oar Petes jo rs capers prone 
e ; » 5 bod) peat ‘Liepeld nebo rea aN SPT Ee quan ctuenay ner heroes Loree con roe NPY | ARLE Sn RE rae 
t - | th MO gegen a ys HEFLES® NOR TS4S aeathk Srasierererest om oe te Ja) Samer ee wearer oll eer rr Ja are qa et ge Ba IES 
” ‘ ) Open seprameayyh UptTtet or ae veh gree asia eeavrwsieG poke 1 Ee eT peanibnes che aerate mUeUth OTS 
oe i beads eet F wien de eM 4a) ype CORD els ‘gore weap 2 ST at ln ee 198 PO RE I ee 
: ot Reghleiiyas tall cecnmioauences aN acheter tsa Be Peon Macnee ceeith erates ae eee 
"i ‘ id x = TN SE Mi Bien etre shee eal whe ee PACE ee gs Weary da Tiatip ett dilee. dvesemen ween erereen 
: : ; “ss ee ea Syost « “vi yrs # tana Pad Te. tee Ai era: a co oh bal Ce. he pp ODPL MPT INT OY, 
Bes : os » seus ric “¢ Seb arpg naib ¢ 1 a aaas or % kee pig Rie ateretinys fel sae a beaker oe ad | ahs 7 f ISS ee leap oman : 
e v : 3 ca | ne e oe aes u Lata a6: x Pavia SO EGY, Siseetbeiwyronen ie ho Ws Wee spawns «lead edd 
© 14 oP A re ays FORT eae BRST aod cpledacegeecactre er wifes peat Tanase ue: me ahs rey noe 
rertrrs. 
1, sal v4 BY ted | bine Ad satetote Re tend chaste oo sand nt Mr RAE es 1 Pairk 99 Plan ad _ 














NAVAL POSTGRADUATE SCHOOL 
Monterey , California 





Data Acquisition and Control for 


Mi VemplkesCompostteubite Tests 


by 


James W. Emery, Jr. 


June 1988 


Thesis Advisor 





Approved for Public Release; Distribution is Unlimited 





SECURITY CLASSIFICATION ey A 
REPORT DOCUMENTATION PAGE 


1a REPORT SECURITY CLASSIFICATION 1D RESTRICTIVE MARKINGS 
Mmelassified 


da SECURITY CLASSIFICATION AUTHORITY 






} O'ISTRIBUTION/ AVAILABILITY OF REPORT 
Approved for public release; 
Gistripueron 15 Unlimited 






2b DECLASSIFICATION / OOWNGRADING SCHEDULE 





S$ MONITORING ORGANIZATION REPORT NUN BER(S) 







3 PERFORMING ORGANIZATION REPORT NUMBER(S) 






6b OFFICE SYMBOL Ye NAME OF MONITORING ORGANIZATION 


(1f applicabie) 
67 Naval Postgraduae School 
6 ADORESS (City State and Z/P Code) 7b ADORESS (City State. and ZIP Code) 





6a NAME OF PERFORMING ORGANIZAT.ON 
Naval Postgraduate School 





Monterey, California 93943-5000 Monterey, California 93943-5000 


8b OFFICE SYMBOL 9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER 


(if epplicable) 


67 


8c ADORESS (City State end ZIP Code) 10 SOURCE OF FUNOING NUMBERS 


PROGRAM PROJECT TASK 
ELEMENT NO NO NO 





Bea NAME OF FUNDING: SPONSORING 
ORGANIZATION 













WORK UNIT 
ACCESS'ON NO 





1) T.TLE (include Security Classufication) 


| Data Acquisition and Control For Multiple Composite Life Tests 


+) PERSONAL AUTHOR(S) 


: Emery, James W., Jr. 


“Sy "yPE OF REPORT ‘3p TME COVERED ie PAGEICOuNT m 
haster's Thesis FaOM | 


"6 SLCPPLENTENTARY NOTATION 








The views expressed in this thesis are those of the author and do 
not reflect the official policy or position of the Department of Defense or U.S. 





yy COSAT: CODES 18 SUBIECT TERPAS (Continue on reverse if necetsery and ident:ty by block Number) 


EEE su8 GROUP 






Life Test, Stress Rupture, Bundle Testing, Composite 
Material 





"9 ABSTRACT (Continue on reverse .f necessary and :centify by block number) 


Strength durability of composite materials has many current Navy 
applications including rocket motor cases, pressure vessel for 
submarine flasks, energy storage for space applications and for pilot 
ejection seats. The primary effect of composite aging can be 
characterized by the fiber filament life under constant stress 
(stress rupture). This thesis develops experimental facilities for 
Peewee testing of fiber filaments in the form of a bundle. A fast 
data acquisition system records the filaments breakage during load 


applications. The filaments within a bundle sample are maintained at a 
constant strain level which is automatically adjusted for creep by 
digital feedback signal from the load of a control sample. A slow 

Speed data acquisition system records filament breakage during long 

2 DS°RIIUTION: AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION 
Qovcvassicounemireo (same as rept = Conic users Unclassified 

dda NAME OF RESPONSIBLE NOIVIOUAL 220 TELEPRONE (include Area Code) | 22¢ OFFICE SYMBOL 
Edward M Wu ; 

ID FORM 1473, 84mMar BJ APReAtON may be Used Unt eunausted SECURITY CLASSIFICATION OF THIS PAGE 





All otner editions are obsolete 


a 


eee 
SECURITY CLASSIFICATION OF THIS PAGE 


ED: 


elapse time (days to years). This work establishes a nationally unique | 
capability at the Naval Postgraduate School to quantitatively | 
characterize the reliability of composite material. | 


16. 


Government. 


rT 
SECURITY CLASSIFICATION OF THIS PAGE 


Approved for public release; 
Gesteteueren 15 Unlimited. 


DATA ACQUISITION AND CONTROL FOR MULTIPLE 
COMB@GSItTE Dire TESTS 


by 


James W. Emery, One 
Lieutenant Commande’, United States Navy 
B.S., United States Naval Academy, 1975 


SUSTane cee pate icin t iimiment Of the 
requirements for the degree of 
MASTER OF SCIENCE IN AERONAUTICAL ENGINEERING 
from the 


NAVAL POSTGRADUATE SCHOOL 
June 1988 


— 


ABSTRACT 


otrength durability of composite materials has Siem 
current Navy applications including rocket motor Caseee 
pressure vessel for submarine flasks, energy storage for 
space applications and for pilot eyectionwe-ar-- The 
primary effect of composite aging can be characterized by 
the fiber filament life under constant stress (stress 
rupture). This thesis develops experimental facilities 
for parallel testing of fiber filaments in the form of a 
bundle. A fast data acquisition system records the 
filaments breakage during load application. The 
filaments within a bundle sample are maintained at a 
constant strain level which is automatically adjusted for 
creep by digital feedback signal from the load "Gia 
control sample. A slow speed data acquisition system 
records filament breakage during long elapse time (days 
to years). This work establishes a nationally unique 
capability at the Naval Postgraduate Schoeal to 
quantitatively characterize the reliability of composite 


material. 
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tN | RODUC PaZON 


Strength durability of composite materials has many 
current Navy applications including rocket motor cases, 
pressure vessel for submarine flasks, energy storage for 
space applications and for pilot ejection seats. One 
important manifestation of strength durability is delayed 
mietcure; that is, a structure is intact when initially 
subjected to a load (1i.e., the pressurization of vessel), 
but as time elapses, the structure experiences a delayed 
and apparently spontaneous catastrophic failure occurs. 
This delayed failure or life is associated with the 
internal aging or damage accumulation within the 
material. The life statistics of composite material 
meeds to be characterized in order to predict the 
Mmebtability of structures. The primary effect of 
composite aging can be characterized by the fiber 
filament life under constant stress (stress rupture). In 
@ecger to Characterize the statistically random life of a 


mmeer tilament the Probability Distribution Function 


(pdf) needs to be determined so service life can be 
predicted. The life pdf can be determined by testingme 
large number of single filaments individually. This is a 
time and facility intensive approach. To gain 
efficiency, filaments can be tested in parallel in the 
formepem ea bundle. In such physical configuration, seme 
load carried by the surviving filament members 925 sae 
Reliability Function which is the complement of the 
Cumulative Distribution Function (CDF). Ditterentiaemae 
the CDF yields the pdf as shown in Figure l. From the 
pdf or CDF, the reliability of a structure Cane 
calculated. 

For structures which are subjected to time-van see 
conditions, load strain history can, as shown in Femme 
2, be decomposed into a constant stress component and 
several components at different frequencies using Fourier 
decomposition as shown in Figures 3a through 3c. Life 
under constant stress is known as stress rupture which 
for rate-insensitive materials dominates the failure 
mode. Graphite-Epoxy along the fiber direction is rate 


insensitive, therefore stress rupture statistics are 


Service Life 





Figure l 
Requirements 


judged to be the most important component for structure 


life of graphite composite materials. 
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megure 3a 
Fourier Decomposition 
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Figure 3b 
Fourier Decomposition 
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Figure 3c 
Fourier Decompsition 


Stress rupture in life for a single filament can be 
accomplished by hanging a known weight on the filament. 
The weight and cross sectional area are constant, so the 
stress remains constant. This testing technique requires 
extensive space to test the number of samples required to 
accurately estimate the pdf. A more economical way to 
test the filaments is to put them in parallel. Parallel 
testing presents a problem. If a constant weight is 
Suspended from a bundle, the stress on the surviving 
samples will increase as the filaments break since the 


effective cross section area of the bundle decreases. 


For stress per filament to remain constant, the strain of 
the filaments needs to be controlled. The stress on each 
filament 1s controlled with a sample of the same 


constituent material as shown in Figure 4. 


CONTROL 


do 
= c-T 
E(t) fir C peas P(t) = constant through 
Tt contro! unit 





Figure 4 
Control System 


The load on the control sample 1S NeldVWconstaniew.] aa 
control unit which adjusts the displacement. Since tie 
displacement of the control and test sample are equaa@ 
strain of the test sample 1s adjusted to maintain a 
constant stress on each filament. 

The following derivation demonstrates the underlying 
mathematical operation for the elastic case and the 


viscoelastic cases. 


x = known parameters 
x = unknown parameters 


Cross-sectional Area ae ~~ 
Moduli E,=E,=E same material 
Compliance J, = Jaa) same material 
Gauge length | See by parallel kinematics 
Deformation 6,.=6&=65 £by parallel kinematics 
Forces Pte by measurement 
Number of surviving 

filaments n unknown 
Cross sectional area 

of filament Ay by measurement 


If A, is known, the number of surviving filaments Canwgoe 


calculated: 


A. Elastic (time dependent) B. Viscoelastic (time 


independent) 


d €(T) 
OT 





ik O7— f, €, Sete = [i E,(t-T) 


Since strains are equal on both samples, the following 
BUOSEItuUtION can be made in Equation 1. 


€&, = & E, (t) = €, (t) 





ay t= dO €(T) 
2. =e: S(t) = | E, (t-T) OT 
0 Ot 


The strain on the control sample equals: 





= | = d €.(t) 
€, = JO, e(t)= | J, (t-t) OT 
OT 


Emostituting into Equation 2: 


3A. o,= E,J.o, 


tw~ ) t- 0 €(T) 
3B. ot) =] E, (t-t) —— | J{t-t) OT OT 
0 dt JO OT 





Rewriting the stress as the load divided by area Equation 


3 becomes: 








Pp; cont ec ol 
4A. ——= EK, j— 
Ay A, 
P(t) t~ ) t~ dQ Pit) 
4B. ——= 1 (t-T) J(t-tT) — ahd (elas 
A,(t) 0 at JO dt A, 


a COnSCane 
= a function of time (the number of broken £fillameneee 


A, = 
A,(t) 


Rearranging equation 4: 


A, P. 
SAP foes 2B Je 
A. 1 (t ot d P(t) 
ge Moeceeces ---- E,(t-T) ---- J(t-T) -------- Ota Tt 
A(t) P(t) Jo at J0 OT 


For the elastic case E,J,=E.J.=l which leads to the 
direct solution of Eg. 5. However, for the viscoelastic 
case the relaxation modulus (J,) function and the Giese 
compliance (E,) must be known a priori before Che 
convolution integral can be solved. This convoluted 
integral can be solved experimentally by choosingmay 
test and control samples to be the same material: the 
feedback control performs the time integral during the 
actual test. 

Figure 5 shows the expected shape of the life curve. 
From the starting point the load will decrease in time: 
The test load cannot be applied instantaneously. During 
the load application phase, the weakest filament will 


break causing the load to drop to the next line shown in 


10 


Figure 6. The next line represents one less filament 
Sleviving. If the load was continually increased until 


all filaments broke the curve would look like Figure /7. 





Figure 5 
Simulated Life Curve 


Combining these two curves, as shown in Figure 8, the 
load history will follow the increasing load curve until 
the test load is reached. After the passage of time the 
life curve will intercept the constant stress rupture 
curve and follow it. 

The objective of this investigation is to establish 


an experimental set-up to record the load-time data 


La: 


during the loading phase and the holding phase. Carozzo, 
in Ref. 1, first approached this proslem by Sus aieueee 
scanning digital voltmeter data acquisition system ean 
both phases. He found a faster acquisition rate was 
needed during the loading phase of testing. Carozze 
tried to speed up the acquisition rate through a Soft woe 
modification. He noted his modification proved not to be 


fast enough during the initial loading period, but the 





Figure 6 
Initial Loading Breakage 


WZ 


Mie Fest POrtion Of his procedure worked satisfactorily. 
Petridis, in Ref. 2, investigated slowing the loading 
mate aS an alternative to increasing the data acquisition 
fee. He found the crosshead would stall before a slow 
enough speed was reached. By combining portions of both 
SeuGtes and incorporating a fast speed acquisition during 
the loading phase a suitable data acquisition and control 


system was developed for multiple life tests. 





Figure 7 
Simulated Bundle Strength 


1S 


RP oOr 


Ain, 


Time 
Figure 8 
Simulated Total Life Curve 
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II. BACKGROUND 


The confidence level in the estimation of statistical 
parameters iS proportional to number of samples tested. 
A new material without service experience (such as the 
latest high performance fibers) needs a meaningful 
estimation of reliability at the level of one out of 10’, 
requiring testing of 10° samples. For life testing the 
time and resource demand can hardly be considered. On 
the other hand, high performance fibers are commonly 
packaged in the form of bundles of 10° filament or more. 
Testing bundles (i.e., parallel testing of filaments) 
realizes an enormous increase in experimental efficiency 
and therefore a practical way of improving the estimation 
or lower earl statistics of the strength-life 
@eestribution. Nevertheless, bundle testing has many 
inherent details which must be addressed. Each filament 
member of the bundle must be of equal length; slack must 
be removed from all fibers. Friction and entanglement 
between filaments needs to be minimized (i.e., filaments 
straightened out) and all the adhesion enhancing coating 


(Sizing) needs to be removed. Advances in experimental 


Ales 


Eee dimabeitie s and analytical methodology aL data 
interpretation makes bundle testidmouie socucae Higa 
performance composite fiber is stresS SenSitive (mgsemen 
flawe Geoweh)., Once a filament is broken, the #e@¢@all 
stress concentration will cause failure of neighb@iinag 
fibers. This will result in clustering of the faauieg 
filaments which will weaken the structure and eventually 
cause catastrophic failure Of the enerre Sserie eee A 
failure represents the end of life for a filament. By 
observing many failures the composite structural life 
Cumulative Frequency Distribution Function (CDF) can be 
predicted. Appendix A discusses the model for the CDF. 
When the filament life is known, the composite structural 
life can be predicated through appropriate 
mechanics/probability modeling. 

To conduct these tests in a reasonable time, stress 
magnitude amplification compresses the time of the test. 
Four screw driven testing machines (by Instron 
Corporation) are configured to test eight bundlesiaaag 
parallel. These testing machines can be used to operate 


at the same load level or four different levels of lead 


Ite 


magnification. Bore omnciocmomenl® rl Lamentspmover 10° 
filaments can be tested simultaneously. 

Life testing can be divided into two phases: loading 
and testing. These present two separate data acquisition 
requirements. The data from the loading phase determines 
how many filaments broke while the load is being applied. 
This establishes the starting point for the life test, 
Pm_omee cite Conditioned to Survival in Strength. 

During the loading phase as the load is increased to 
the test load many filaments will break before it is 
reached. The decreases in load shown in Figure 6 
represent filaments breaking. An experiment having each 
filament contain only one segment will cause _ the 
filaments to break in sequential order, weakest to 
Strongest. This data forms an ECDF for the strength life 
model. If there is a large drop, several filaments broke 
together. 

Once the desired load is reached then the life 
testing phase begins. This data 1S conditional on the 
filaments surviving the loading. A control system will 


maintain the load per filament at a constant value. With 


IY 


a constant load per filament, when a filament breaks, the 
control system will decrease the total load on the 
remaining fibers. The total load on the bundle needs to 
decrease to maintain a constant stress on each filamneme 
because the cross sectional area has been reduced. 

To measure the CDF, two data acquisition rates are 
needed. The rate during the loading phase must be fast 
enough to accurately determine the number of filaments 
broken during the loading phase. By identifying the part 
of data which represents the loading before any filaments 
have broken, the load (P,) which could have been reached 
if no filaments had broken can be determined. From this 
selected data a slope can be calculated which will give 
an equation from which PP, can bemextracece The 
difference between the ideal load and the actual load can 
be related to the number of broken filaments. 

Once the test phase begins the acquisition rate can 
be gradually reduced since over the life of the 
experiment each reading will become less significant. 
The slow data acquisition system needs power stability to 


prevent a loss of data which has been collected iia 


ies: 


several years. See Appendix B for a discussion on the 
selection of hardware for the fast data acquisition 
Sy Stem - Carozzo developed the slow data acquisition 
system in Ref. l. 

The key to bundle testing 1s keeping each filament in 
the bundle under a constant stress. Unlike the single 


filament testing, the test is not completed when a 


filament breaks. There are 999 tests still in progress 
in a 1000 filament bundle. The remaining filaments must 
be kept at the test stress with a control system. If a 


control system is not installed the surviving filaments 
after one filament breaks would see an increase in the 
stress. A control sample will control the stress on the 
test sample through displacement. Pare wrbOonmtestang the 
samples (control and test) must be adjusted to the same 
load so the slack is removed from each test station. If 
the slack is not removed then a few filaments will not be 
Subjected to the constant test stress. The samples need 
to rest overnight to remove the viscoelastic effects from 


the mounting operation. 
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The friction between the filaments rust be minimized. 
If the filaments are entangled then the bundle will 
resemble a cable with the filaments supporting each 


Other. 


Zo 


III. EXPERIMENTAL METHOD 


A. SAMPLE PREPARATION 

The test samples are prepared as detailed by 
Carozzo in Reference 1. First the sizing must be removed 
momeallow the filaments to act as individual elements. 
The bundle is then rinsed in alcohol to remove the 
solvent and sizing residue. The rinse system detailed by 
Carozzo will ensure the filaments are not entangled and 
Minimize the friction between filaments. Care must be 
taken to cut the bundle to the gauge length. Bell 
determined the distribution parameters for a gauge length 
eeeeen inches in Ref. 3. 

One testing station on the machines will have a 
control sample instead of a test sample. Ties Commie 1 
sample 1S a strand coated with epoxy so the cross 
sectional area will remain constant. Without the epoxy, 
the control sample would break like the test sample. If 
eeeconstant load cannot be maintained on the control 
sample, the individual filaments of each bundle would not 


be subjected to a constant stress. 


it 


B. EQUIPMENT AND INSTRUMENTATION 
1. High Data Rate Acquisitren 

The bundles will be tested on Instron Model 1000 
Universal Testing machines which have been modified with 
an International Microtronics Corporation Series 
Cenere ae n Es This modification will compensate the 
system for creep and will keep the load on the control 
sample constant. 

The control unit reads the load on the contaeg 
sample and adjusts the crosshead so as to maintain the 
load on the control sample between the upper and lower 
Load: Pamic sv. When the test load falls below the lower 
bound the crosshead increases the displacement until the 
upper bound is reached. As time increases the load will 
decrease again, starting a continuous cycle. The Commies 
unit load reader needs to be calibrated. it was 
calibrated over the expected load range Q-15 Kg. See 
Appendix D for the calibration curve. 

The Labmaster DMA card was configured as outlined 
in Appendix C to run with LABPAC. LABPAC is a program 
from Scientific Solutions which loads the commands nNeedes 
to operate the Labmaster Data Acquisition Card into the 


computer’s resident memory. The terminal board as set-up 
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wae Cerio RET eZ7uomeved to be too difficult to use. 
The distance between the terminals is too short. The 
number of wires which needed to be added to each terminal 
created too many possibilities for the introduction of 
noise. A larger board was also needed to ease set-up, 
trouble shooting and to help during the preloading of the 
bundles when a multimeter must be connected. 

Once the hardware was in place the load cells and 
data acquisition card were calibrated for binary and 
millivolt conversion to load. The load cell selected is 
the SM series by Interface. This series has the 
precision strain gauge sealed ie, © Ta more accurate 
measurements over a ewider range of environmental 
Semcaltions. With the experiment designed to run for 
years this is important. 

The expected load is a function of the number of 
filaments in a bundle and the beta parameter of the 


filament model (See Appendix A). 


LOAD, xpectea = (# filaments) * beta 
(1000) * (15.62 grams) 
15.62 Kg 


Two versions of the SM series are available: 


SM50 and SM100. The SM50 does not leave enough margin 


2X3 


for increasing the time compression. The SM100 is the 
better choice for this composite material since it will 
allow greater loads to increase the time compression. If 
a different composite material is tested then the SM50 
might be a better choice. 

The load cell specification is 3mV/V 
(output/input). With a recommended excitation voltage of 
10V and a maximum load of 45.56Kg for the load cell the 


expected output at maximum load will be: 


30 mV/45.46Kg = .66 mV/Kg 


Each load cell was calibrated at 0, 5, 10, 15Koq. Sie 


expected readings are: 





Load Expected Outeme 
Q 0 
5 leo 
10 S50 
Nes) 9.90 


Each load cell was loaded up to 15 Kg and then backiiae 
zero. The loading was decreased for a hysteris check. 
The entire loading/unloading process was repeated for a 
repeatability check. The range of the data acquisitzeg 
card with the 500 gain option is -20mV to +20 mV. Ate 


Kg the binary readout should be approximately 1023 and 
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the card should saturate at 2Q0mvV. Each load cell was 
checked using the acquisition program developed for the 
fast acquisition system. 

Appendix D has the calibration curves for both 
the millivolt and binary to load conversion. The 
Calibration equations will be used to determine the load 
for a given binary or millivolt reading. All channels on 
the data acquisition card saturated at 20 mV _ as 
calculated. Hystersis and repeatability were checked. 
Hystersis met manufacturer’s specifications and the data 
was repeatable on different tests. 

The LVDT, used to measure the distance the 
bundles are displaced, was calibrated as detailed in Ref. 
1. The LVDT’s expected output is in the volt range but 
mummedte On On the acquisition card occurs at 20 mV. A 
voltage divider was placed in the circuit as shown in 
Figure 9 using a metal film resistor vice a carbon one 
for better accuracy. 

With the expected movement being .02-.025 inches 


of the gauge length (Ref. 3) the output will be: 


LVDT yop: = (15.50.25) = .382V 
Acquisition Card Input=(3.9 kQ / 1.1 mQ)*(.882V)=1.35mV 


ZS 


LVDT 
3.9 KQ 


1.1 MQ 


Figure 9 
Voltage Divider 


The voltage divider in Figure 9 provides this level of 


SUensewie 


2. Slow Data Rate Acquisition 

Once the test load has been reached the number of 
readings required will decrease. This is due to aa 
infant mortality period. As time increases Ehe numbeimiem 
failures will decrease until the life of the bundle as 
approached. Since we are only investigating the lower 
tail the increase of failures late in life do not presen 
a problem. This reduction of failures after the loading 


period results in a reduced reading requirement. 
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The procedure developed by Carozzo, in Ref. 1, is 
well Suited i One ees reduced data eeqi Sistem 
requirement. Beomuocmenea SEnewadea “acqurSition control 
unit software from Hewlett Packard to speed up the 
meguiSition rate. SNe omeelom Locum ddim aCguISitlOn is 
being handled by a different system the original Data 
bogger program as supplied by Hewlett Packard meets the 
rate requirements. 

The time interval between readings will be 
reduced in steps, while maintaining a 1% resolution. The 
larger rate at the start helps to determine the starting 
point for the life test. A step reduction starts after 
five minutes of testing and continues for 15 days when 
the fast system is disconnected. Figure 10 shows how the 
acquisition rate interval is reduced in steps. The 
acquisition rates are defined in Table 1. The scalar and 
numbers of sweeps in the fast data acquisition software 
in Appendix E were calculated from the data in Table 1. 


The slow system was then started. 
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dt = 120 sec 





Figure 10 


Time Intervals 


Ze 


FABLE | 
TIME INTERVALS DEFINED 
a a a EG 


dt = 120 sec 


Time Elasped Reading Rate/ Rate per ts/te Readings per 

Interval Time Channel Channel Channel per 
(sec) (sec) (Hz) delta T 

te cs 

Paicial 300 One 0:0 £0. 01000 On0 0032 3,0 0.00.0 
a 600 6.000 Umroo7 0.0100 20.0 
D 900 92000 Oped Led 0.0100 che ies 
(e FZ00 2. OOo Oe Ole eG ys: 0.0100 25.0 
d 4800 48.000 0.02018 D0: 100 0 
e 8400 84.000 O7 Org 0.0100 49.2 
f eZ O.010 ZO O.00 O00 82 BQ 010 310.30 
g 48000 480.000 070021 0. 0100 oO 
h 84000 840.000 Oe OO1Z 0.0100 AS ere 
i P20000 FZ0U7 000 070008 UTOLOC 30.0 
5 480000 4800.000 0.0002 20100 180 
k 840000 8400.000 Oe O00 1 O- O1010 £O.3 
ME 1200000 bZ2000 20010 020001 0100 Vee 
m. 1560000 15600.000 O-0007 0.0100 aes, 
n 1920000 19200.000 07000): e2 0100 4.5 
p 2280000 22800.000 0.0000 OF OL0G SG 


ES, 


C. SOFTWARE 
1. High Data Rate System 

The manufacturer ope the Labmaster Cazae 
Scientific Solutions, provides a program LABPAC which 
loads the commands necessary to operate the card into 
resident memory. These commands act as functions which 
can be called from many ~~ hygm level languages. 
Documentation for Advanced Basic, C, Fortran and Pascal 
1s provided. A master menu driven program showing the 
use of all commands is provided in Basic (Ref. 4). The 


code listing in Appendix E was written using this as a 


guide. It is also written so no user inputs (awe 
required. Most of the program’s time is spent in the 
functions defined by LABPAC. LABPAC’s functions are 


already assembled in machine code so very little time is 
Spent in the Basic driver program. The variable COUNT is 


defined to the following clocks: 


ip il 1MHz 
i2 LOOKHz 
ile: 1OKHz 
14 1KHz 
ilies} Hz 


The clock is divided by a scalar to get the Sweep 
rate. It takes four sweeps to cycle through the four 


functions of the Labmaster Card. One of the functions 
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to read the analog input. To get the reading rate divide 
the clock by fcur times the scalar. 

The program 1S written to take data at the 
BeceGed rate and record it to a file on the hard disk 
during the loading phase. A different file is created 
for each data rate to minimize the loss of data if there 
ioma failure. The program LMENUCAL.BAS is used to take 
Dinary calibration readings. It takes twenty readings 
per channel and writes them to the designated file. The 
code listing is in Appendix E. 

2. Slow Data Acquisition Rate System 

The Data Logger program supplied by Hewlett 
Packard in its Data Acquisition ROM PAC meets the needs 
of the data collection requirements after 15 days of 
testing. The program is prompt driven and is easy to 


Change. The procedures are listed in Appendex F. 


Su 


IV. RESULTS AND CONCEDSieiie 


Two trial runs using two test samples each were run 
at a high and a low test load. The resultS are graphed 
in Figures 11 and 12. The system works as expected. The 


loading phase clearly shows filaments in the test bundle 


2 2 3 2 23» 2» 2» -» 


load (binary) 


( Thousands) 


2 
3 
g 
nae 
6 
Ss 
4 
3 
.2 
ol 
4 
0.9 
oa = | 
0.7 
0:6 
05 
0.4 
0.3 
O.2 
0.1 
0 
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are breaking. Once the test load is reached the control 
sample is held at a constant load, keeping the stress per 
filament in the test sample constant as predicted. On 
Figure 12 there appears to be a drop in the load just 
after the test level is reached. The short period of 
time the trial runs ran is too short to see large drops 
Since the test is designed to run years. Caee7720, an 
Ref. 1, proved the slow acquisition system worked. To 
ensure the connecting/disconnecting of the fast data 
acquisition system did not affect the slow system’s 
reading a check was made to see what would happen. The 
readings did not change with a known load on the load 
cells. 

The procedures in Appendices F and G collect the data 
required to establish the life PDF of the graphite 
filaments. 

A better means of mounting the control sample needs 
to be investigated. It cannot be mounted the same as <he 
test samples. During a test with it mounted the same as 
the test samples, it failed at the grip. For the next 
run the control sample was glued in a copper tube. The 
control sample slipped out of the grip. rie Seont ro! 


sample was then glued in the copper tube which was then 


SS) 





Figure 12 
Low Test Load 


placed in a larger copper tube. This appears to have 
stopped the slipping but at higher loads it might slip 


again. 
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APPENDIX A 
Model Selection 


Composite failure is best represented by a weakest 
link theory as in a chain. Where a chain is made with 
links, composite fiber is built with segments. The 
Wiebull SLL Gig es Joblic eal best describes this failure 


mechanism in a composite fiber. 


Weibull CDF  F = 1 - exp (-(x/B)% 


The distribution has two parameters associated with it, 
alpha and beta. Alpha corresponds to its shape and beta 
EO SES locaton: Beta is the mean of the distribution 
but it is not always at the 50% fazrlure = oem The 
distribution’s shape is adjustable with the shape 
parameter, alpha. With an alpha of approximately 3.5, 
the shape will approximate a normal distribution. Le 
make the results easier to graph and manipulate the 
Weibull distribution is normalized with respect to beta. 


F and x become F* and x* and are defined as follows: 


F* = 1n{-1n{1-exp(-P/B)=]} 
ee Pd 


With P being the load the filament is being subjected to 


during the test. The true values of these parameters earme 
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not known. Many samples must be tested in the lab to 
Mmeadcaewiat they are for a given gauge length. The testing 
of composite fiber starts with the testing of a fiber 
itemath (1). This length is arbitrary and can vary 
depending on the application being studied. From testing 
in the lab the distribution parameters can be determined. 
Bell, in Ref. 3, determined alpha and beta for a gauge 
length of ten inches. 


1=10 inches a=5 BS 1s 


A bundle consists of many filaments of length (L) 
where L is divided into many segments (n) where: 


n=L/1l 


a 


APPENDIX B 
Equipment Selection 

The objective is to collect data from ten load Cemmme 
three times a second during the initial loading phase. 
The data will be put into a spreadsheet for further 
manipulation. Long term Stability 1S required sincemeae 
experiment will run for years. LoSing two years of data 
due to a power failure 1s not acceptable. 

Carozzo, in Ref. 1, developed the current slow data 
acquisition system. He found the system shown in Figure 
Bl did not provide enough data points during the initial 
loading phase to obtain a reliable description of the 
time/life curves. The HP3421A (DVM) A/D converter cannot 
be speeded up enough nor can the Instron crosshead be 


Slowed to obtain the minimum satisfactory rate of 3 


readings a second per channel [Ref. 2]. The options 
considered are shown in Figures B2 and B3. Figure B2 
shows the option recommended by Carozzo. Using the HP 


computer the data still needs to be transferred to a 
spreadsheet. This can be done but it is time intensive 
Figure B3 shows an option using the MacAdios with a 
Macintosh. An additional MacAdios and a Macintosh 


computer would needed. Figure B4 shows an IBM with a 
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Figure Bl 
Slow Data Acquisition System 
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Scientific Solutions Labmaster Card. The only equipmeme 
needed in this option is the Labmaster Card. The card 
has a programmable gain option for low voltage inputs. 
Software 1s supplied with the card to transfer the data 
to a spreadsheet. As a backup Assyt/Assytant Plus are 


available in the lab. 


HP Computer Options 


A/D Converter 


Lovi(mv) 


: DVM 
Leva (mv) 


LVDTv10(v HP3497A 


HP 85/HP 86 


Regular Cassette 


Printer 


Must still get the data into a spreadsheet. 





Figure B2 
Hee Oper lon 
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The switching from the high to low rate could cause 
problems if the impedance of the two systems do not 
match. fee coOUuLGm OCC rlistculiyyto iimatch the 
impedances. Instead of trying to match impedances the 
other option is to block the fast rate set-up so the fast 
data acquisition system will draw an extremely small 
Amount of current. The Labmaster Card has an impedance 
of 100 meg-ohms, more than enough. 

The IBM option with the Labmaster Card, Figure B4, 
was chosen due to: the programmable gain option, the 
impedance matching problem and an IBM AT computer is 
available in the Composite Lab. The computer will only 
be needed for a short time during the initial loading 
after which it can be sued for other experiments. After 
fifteen days the slow data acquisition system in Figure 
Bl will be used. 

The problem of getting the data taken with the slow 
data acquisition system into the spreadsheet could be 
solved by using an HP IL card for the IBM and software to 
translate the HP41 data into code readable by the IBM. 
After testing the procedure the time involved proved to 
be too great. It is easier and quicker to just enter the 


data directly into the spreadsheet. 
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Macintosh Option 


A/D 





MacIntosh 





DVM 
HP3421A 


Spreadsheet 
Software 





Disk 
— Floppy/Hard 


Slow Data Set-up 





Not enough transfer lines, need ten. Only eight are available. 
A second Mac Adios is needed. 


Pugures 3 
Mae ieee tla OO ake i 
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Fast Data Acquisition System 
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Melee Data Acquisition System 
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Lotus 123 Spreadsheet software is available 


Composite Lab. 
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APPENDIX C 
Lbabmastes Board Set-Up 


Mother Board: 


Memory Base Set of 0710 hex 

I/O mapped mode set 

Enabled Ws (connected) 

J5 to 4 wait states 

Pins 7 and 14 connected on J4 

MINT set for counter 1 to directly trigger interrupts 
J7 set to zero 

Dack/Dreq set to channel 1 

ESOC enabled 

Done enabled 


Daughter Board: 


JSD to true differential 

Heemeco bipolar with PGL, PGH 

JCD to true differential, normal 
JDD to two’s complement 

JBD to normal/overlap 
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APPENDIX D 
Calibration Gunved 
This Appendix is organized as follows: 
Instron Control Unie. Geaen 
LDVT Graphs 
Load Cell Graphs 
Note: The R value for the curve fit 1S an indicat iemmiem 


how well the equation matches the data. R = 1.00 1S an 
excellent fit. 
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Load (kg) 


Instron Contol Unit Calibration 


20 


y = 0.0949 + 0.2083x R= 1.00 





-20 0 20 40 60 80 


Scale Reading 
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Disp (in) 


Disp (in) 


LDVT Calibration 


0.2 
y= -8.121e-4 + 0.0059x R=1.00 

0.1 . 

0.0 

-0.1 ¥ 

-0.2 

-20 -10 0 10 20 
Voltage (mV) 

0.2 


y = 6.835e-6 + 5.810e-5x R= 1.00 





-2000 -1000 0 1000 2000 
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Load (kg) 


Load (Kg) 


Load Cell 1 Calibration 


20 
= -0.1844 + 1.4684x R= 1.00 
10 7 
0 ef 
0 2 4 6 8 10 
voltage (mV) 
20 
y= -0.1748 +0.0144x R= 1.00 
10 
0 2 
0 200 400 600 800 
binary 
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uly 


1000 


load (kg) 


Load (Kg) 


Load Cell 2 Calibration 


20 
y= - 0.4322 + 1.5038x R= 1.00 
10 : 
@ & 
0 2 4 6 8 10 
voltage (mV) 
20 
y= - 0.3367 +0.0149x R= 1.00 
10 
0 G 
0 200 400 600 800 


binary 


a0) 


1000 


Load (kg) 


Load (Kg) 


Load Cell 3 Calibration 


20 
y= - 0.3699 + 1.4899x R=1.00 
10 : 
O u 
0 2 4 6 8 10 
voltage (mV) 
20 
y= -0.2765 +0.0147x R=1.00 
10 
O w 
0 200 400 600 800 


binary 


oye 


(2 


1000 


Load (kg) 


Load (Kg) 


Load Cell 4 Calibration 


20 
y= - 0.4784 +1.5187x R= 1.00 
10 : 
@) us 
0 2 4 6 8 10 
voltage (mV) 
20 
y = -0.4095 +0.015x R=1.00 
10 
O be 
0 200 400 600 800 


binary 


ao 


12 


1000 


Load (kg) 


Load (Kg) 


Load Cell 5 Calibration 


20 
y= - 0.3257 + 1.4445x R= 1.00 
10 : 
0 os 
voltage (mV) 
20 
= -0.2292 +0.0142x R= 1.00 
10 
6) a 
0 200 400 600 800 


binary 


aye. 


12 


1000 


Load (kg) 


Load (Kg) 


Load Cell 6 Calibratiion 


20 
= - 0.2493 + 1.5491x R= 1.00 
10 : 
0 & 
0 2 4 6 8 10 
voltage (mV) 
20 
= -0.2782 + 0.015x R=1.00 
10 
0 & 
0 200 400 600 800 


binary 


94 


12 


1000 


Load (kg) 


Load (Kg) 


Load Cell 7 Calibration 


20 
= - 0.3205 + 1.5063x R= 1.00 
10 : 
0 uJ 
0 2 é 6 8 10 
voltage (mV) 
20 
y= - 0.2241 +0.0149x R-=1.00 
10 
O bs 
0 200 400 600 800 


binary 


a 


12 


1000 


Load (Kg) 


Load (kg) 


Load Cell 8 Calibration 


20 
= - 0.2779 + 1.4651x R=1.00 
10 : 
0 » 
6) 2 4 6 8 10 
voltage (mV) 
20 


y = - 4.5175 + 4.5389x R= 1.00 


2 





18 336 641 96 3 


binary 


56 


Load (kg) 


Load (Kg) 


20 


Load Cell 9 Calibration 


- 0.7882 + 1.4976x R=1.00 





20 


10 


200 


voltage (mV) 


= - 0.8582 + 0.0147x R=1.00 


400 600 800 


binary 


Oy 


1000 


APPEND IA SS 


Fast Data Acquisition Gedeuiwc eum. 


Ll. “LMENG SEAS 
2. LMENUCAL.BAS 


VARIABLE fis linc. 


CHAN (1) 
GAIN (i) 
ADDRESS 
NCHANS 
CHANNEL 
ADRESS 
Z 
PERIOD 
NSWEEPS 


BS 
TIMNUM 
COUNT 
NS Beal 
SWTIME 


NCHANS 
bio 

NSWEEP 
HANDLE 


Reo Ui 


analog channel array 

gain array 

AtOD address ek weme ca ce 

number of channels te be ani eraerzee 

Direct Memory Access channel 

Timer address of the card 

loop counter 

scalar to set the sweep rate 

nmumber of sweeps required for time time 
interval 

file name for data storage on disk 

Timer channel number 

determines the clock for the board 

dummy variables 

number of interrupts to skip between 
readings 

how many channels for each sweep 

Starting channel for the sweep 

check variable for determining when the 
number of sweeps are taken 

file number which equates to a filename when 
LABPAC opens a file 

varies, see Ref 4 for meaning 


Sie: 


LMENU10.BAS 


> i Data aquisition software for Bundle Life 
Testing 
oe written by J. W. Emery 
1. ad June 1988 
za)’ 
Zo This program is designed to aquire data from the 
Labmaster 
Mee Gata aquisition board using Scientific Solution’s 
Supplied software 
2/7 ’ “LABPAC".  LABPAC is a memory resident program which 
defines 
28 ’ the functions needed to control the data aquisition 
card. See the 
29 ' LABPAC user manual for more information. 
ao’ 
43a 
90 GOSUB 7405 
Ss «| 
foes )©6©6vDEFINE THE LABMASTER CONTROL FUNCTIONS FOR LABPAC; 
SUPPLIED 
peee”6UWITH THE LABMAST.BAS FILE 
ao CO 
100 DEFINT A~-zZ 
200 DEF SEG=0 
300 LABSEG= PEEK(971)*256 + PEEK(970) 
moo) LABPAC= PEEK(969)*256 + PEEK (968) 
900 DEF SEG= LABSEG 
600 LRESET=0: INTCLR=1: INTSET=2 : BCD=3: LBIN=4 
700 ALTINIT=5:DINIT=6: AOINIT=7: SWINIT=8: TIINIT=9 
800 AIRAW=10: DIRAW=11:AORAW=12 : DORAW=13: TIRAW=14 
900 AIMAX=15: DIMAX=16: AOMAX=17 : DOMAX=18: TILH=19 
L000 AISWST=20:DISWST=21 : AOSWST=22 : DOSWST=23: TIST=24 
1100 AISTAT=25:DISTAT=26: AOSTAT=27 : DOSTAT=28: TISTAT=29 
1200 AISWAB=30 :DISWAB=31: AOSWAB=32 : DOSWAB=33: TIAB=34 
1300 AIHDW=40 :DIHDW=41 : DOHDW=42 : DOCLR=43 :DOSET=4 4 
1400 AISC=45:DISC=46:AORSWST=47: DORSWST=48 : AIDMA=49 
1500 LCREATE=35 : LOPEN=36: LREAD=37: LWRITE=38 : LCLOSE=39 
ieoO ¢ 
1610 ’ INITIALZE THE VARIABLES 
az 
1700 PERIOD=0: INTERRUPT=0 : ADDRESS=0 :MODE=0 : SWTIME=0 
1800 NCHANS=0 : TIMNUM=0 : NSWEEP=0 : NSWEEPS=0 
1900 CHANNEL=0 : NCHANS=0 :START=0: RESULT=0 
2000 I=0:J=0:OUTPUT=0:FIRST=0 
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2100 
AWE 
2300 
2400 
ZoU0 
2700 
2800 


COUNT=0 : ADRESS=0: Z=0 
AS=SPACES (1)gaBs—SPAGE Sis 
DIM CHAN(255) , DATBUF (159939) GAIN (aes 


’ ESTABLISH THE CHANNEL AND GAIN ARRAYS 


id 


PORw — OF TOs ‘CHANNEL ARRAY SET-UP. THE 


CHANNELS 


ZB 180 


/ BEING USED ARE 8 = THE 


INITIALIZING 


2820 


/ ROUTINE STARTS WITH CHANNEL 


02900 -CHAN( GS) Se a0 


3300 
3400 
3500 
3504 
35106 
35.0 
392.0 
6 6110) 
3600 
2700 
Salk 
3300 
36150 
5620 
S350 


339700 


GAIN(J) = 3 
NEXT J 


‘ RESET THE SYSTEM 
f 
CALL LABPAC (RESULT, LRESET) 
IF RESULT < 0 THEN GOTO 7070 
ADDRESS = 
NCHANS = 


“PEANE Ver eons 


1812 ‘SET THE ATOD ADDRESS OF THE BOARD 
18 ‘THE NUMBER OF CHANNELS YOU WANT TO USE 

‘IT STARTS WITH. Zeke 
CHANNEL = QO ‘ THE DMA CHANNEL, O = DISABLED 


“INITAILZE THE CHANNELS 


f 


CALL 


LABPAC (ADDRESS, NCHANS, CHANNEL, GAIN (Q) , RESULT, AIINIT) 


4000 
4100 
4200 
4210 
4220 
4230 
4300 
4400 
4500 
4520 
4550 
4600 
4700 


IF RESULT <> 0 THEN GOTO (070) prime eemnen 


ADRESS = 1816 ‘SET THE TIMER AbDRESs 
ld 


‘ INITIALZE THE TIMER 
CALL LABPAC (ADRESS, RESULT Trim 
IF RESULT <> 0 THEN GOTO 7070 “ pirtinteewear 


BOR 2 == lal O wie 
RERD ul, o,np bo 
= ‘DECLARE THE TIMER CHANNEL 
- ‘SET THE TIMER SOURCE SEE LABEE 


TIMNUM 


X, 
it 
COUNT 5 


MANUAL 


4800 
4810 


Xx ‘SCALAR TO DIVIDE COUNT Bai =a 
DIVIDE “Tie 


PERIOD 
’ INTERRUPT SReiee 


INTERRUPT 
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4820 PAthe pb 1 sBOURS TO GET THE SWEEP RATE 


4830 ' 14 = 1000 Hz 
Mes) | 

4840 ’ INITIALZE THE SWEEP 

4850 ’ 


mowo}6hC Ales LABPAC(TIMNUM, COUNT, PERIOD, RESULT, TIST) 
5000 IF RESULT <> 0 THEN GOTO 7070 ‘print error 
9200 INTERRUPT = 7 Sr 2H win Pe RRUP T 
5300 CALL LABPAC (TIMNUM, INTERRUPT, RESULT, SWINIT) 
moeo 8 86TP 6 RESULT <> 0 THEN GOTO 7070 ‘print error 
ao00 ’ 

5600 SWTIME = T “NUMBER REOE INTERRUPTS 10 SKIP A 
READING 

5700 NSWEEPS = Y “NUMBER OF SWEEPS REQUIED FOR THE 
DELTA T 

5800 NCHANS = 10 “HOW MANY CAHNNELS TO READ 

5900 FIRST = 8 “WHAT CHANNEL TO START WITH 

Sou0 

e240 ’COLLECT THE DATA 

BeoO ’ 

6000 CALL LABPAC (SWTIME, NSWEEPS, NCHANS 

meee CHAN (FIRST) , DATBUF (0) , RESULT, AISWST) 

euey IF RESULT < 0 THEN GOTO 7070 ‘print error 
ez00 ' 

eee’ CHECK TO SEE IF ALL THE DATA IS COLLECTED 
ez20 ’ 

6300 NSWEEP= 0:CALL LABPAC (NSWEEP, RESULT, AISTAT) 
eel 

eee) DEFINE THE OUTPUT FILE, CREATE IT AND WRITE THE 
DATA Om iT 

ceo ’ 

6400 ’ 

6500 CALL LABPAC (BS, RESULT, LCREATE) 

ooo) IF RESULT < O THEN GOTO 7070 ‘print error 
6700 HANDLE = RESULT 

6800 CALL LABPAC (HANDLE, NSWEEPS, NCHANS 

mee, CHAN (FP LRST) , DATBUF (0) , RESULT, LWRITE) 

meer tr RESULT <> 0 THEN GOTO 7070 ‘print error 
6950 CALL LABPAC (HANDLE, RESULT, LCLOSE) 

ooo 

fees CLS 

PeeeeeRINT"T HAVE FINISHED "; Z ;" RATE INTERVALS." 
7015 GOSUB 7405 

mz NEXT Z 

mos ¢ 

7040 GOTO 7570 
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(0s 
7000 
7070 
7080 


f 


THE ERROR TABLE AS SUPPLIED BY SCIENTIFIC SOLUTROGRsS 


f 


ON 


RESULT-&H8000 


GOTO 


7100, 7110, 7120, 7130, 7140, 7150, 7 tcoe 


7020 PRINT "UNKNOWN ERROR CODE "; HEXS (RESULT): 
72 10 

7100 PRINT “PARAM > >=): GOlG soo 
7110 PRINT “RANGE”; -COnCw 2 4 
7120 PRINT “OVERRUN”: -COiG37 270 
7130 PRINT “TABLEY; (sGeCTGe er 
T140m@ePRINT “FILERR”; +:GOTOM ioc 8 
750. PRENT DMAR RR seo © O 0 ) oa10 
7160 PRINT “TIMERR”; =:GOTO 570 
7170 “PRINT “DIMENSION 

FeSO 

7190" "CLOSE THE (DATASPIGEs 

TeOuy <2 

7210 CALL LABPAC (RESULT, GRE SE) 
7220) OKEY ON 

126 UPD wom 

P2a.O 22 

TZ 50 ‘DEFINE THE DATA FOR THE SWEEP RATES AND TIME 
INTERVA 

TOO ee 

7269 DATA 1,14, 25, lo00 pe BUNT baa 
7270. DATA 1,14,25,1500 4 2UNZ Dad 
71280 DATA) 1, 14,1500,750) RUNS. Dat 
7290 DATA 1,14,2250, 345 3 UNGe rae 
7300 DATA 1,14,730007, 25-7 culo ba 
7310° “DATA 1,14,12¢e3, 15,8, SUNG UAL 
7320 DATA 1,14,21le3/ 4302 RUN eat 
7330 DATA, 1,14,30e63,30 {RUNG Pes 
7340 DATAS1, 15,1263, 7550, SUL eat 
7345 DATA 1,15,21e3,43 ,RUN10.DAT 
7350 DATA 1,15,30¢63 20022 
7360 DATA 4,15 ,30e3, 75) 772 Ule es 
7370 DATA 7,15,30e3, 42555 RUE peu 
7380 DATA 10,15, 3063730" (RUNI4a2 pew 
TSO 2 

7400 GOTO 7570 

7405. * 

HP AUILIGE We ea sSIEIN| IE 

AO DENSE 2 

0220 ) PRN a 

7440 PRINT 


GZ 


7450 PRINT 

7460 PRINT 

7a70 PRINT" KR RK KKK KK KKKKKKKKKKKEKKKKKKKKKKKKKRK KK KKK RE 

Pas PRINT"* wick 

food) PRINT” ~ BUNDLE LIFE TESTING IN PROGRESS = 

moo PRINT™* ue 

7510 PRINT"*I AM COLLECTING DATA AT DESIGNED INTERVALS 
mM 

fe 8 PRINT"* ao 

feo) PRINT"* DO NOT DISTURB ME UNTIL I FINISH ia 

f20 PRINT"* me 

q 2) re. 

PRINT RK AR AKK KKK KKK KKKK KKK KKK KKKEKKKEKEKEKKKEK KKK KKK KKK KR KARE 

7960 RETURN 

(70 END 
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LMENUCAL. BAS 


Se Data aquisition software for Calibration Of Mime 
Equipment 

Lom written by J. W. Emery 

1S June 1988 


NO 
© 
~ i. U8 


This program is designed to aquire data from the 
Labmaster 
26 ‘' data aquisition board using Scientific Soeur ie mes 
Supplied software 
27 ’ “LABPAC". LABPAC is a memory resident program which 
defines 
28 ’ the functions needed to control the data aquisition 
card. See the 
29 ' LABPAC user manual for more information. 
40 ' 
Pome 
50 GOSUB 7405 
f 


96 ° DEFINE THE LABMASTER CONTROL FUNCTIONS FOR LABPAC; 
SUPP ETE) 

97 ‘ WITH THE LABMAST.BAS FILE 

ole eee 

100 DEFINT A-Z 

200 DEF SEG=0 

300 LABSEG= PEEK(971)*256 + PEEK(97Q) 

400 LABPAC= PEEK(969)*256 + PEEK(968) 

900 DEF SEG= LABSEG 

600 LRESET=0: INTCLR=1: INTSET=2 : BCD=3: LBIN=4 

700 AITINIT=5:DINIT=6:AOINIT=7: SWINIT=8: TIINIT=9 

800 AIRAW=10:DIRAW=11 : AORAW=12 : DORAW=13: TIRAW=14 

900 AIMAX=15 :DIMAX=16:AOMAX=17 : DOMAX=18: TILH=19 

1000 AISWST=20: DISWST=21 : AOSWST=22 : DOSWST=23 : TIST=24 

1100 AISTAT=25:DISTAT=26: AOSTAT=27 : DOSTAT=28 : TISTAT=29 

1200 AISWAB=30 : DISWAB=31 : AOSWAB=32 : DOSWAB=33 : TIAB=34 

1300 AIHDW=40 :DIHDW=41 : DOHDW=42 : DOCLR=43 : DOSET=4 4 

1400 AISC=45:DISC=46 : AORSWST=47 : DORSWST=48 : AIDMA=4 9 

1500 LCREATE=35 : LOPEN=36: LREAD=37 : LWRITE=38 : LCLOSE=39 


1610 ’ INITIALZE THE VARIABLES 

heZou 

1700 PERIOD=0 : INTERRUPT=0 : ADDRESS=0 : MODE=0 : SWTIME=0 
1800 NCHANS=0 : TIMNUM=0 : NSWEEP=0 : NSWEEPS=0 

1900 CHANNEL=0 : NCHANS=0:START=0 : RESULT=0 

2000 I=0:J=0:O0UTPUT=0: FIRST=0 
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2100 
2200 
2300 
2400 
2500 
2700 
2800 


COUNT=0 : ADRESS=0: Z=0 
AS=SPACES (1) :BS=SPACES (50) 
DiMmeHaN (2 55), DATBUE (15999) GAIN (255) 


/ 


’ ESTABLISH THE CHANNEL AND GAIN ARRAYS 


f 


FOR J = 0 TO 18 “CHANNEB DS ARRAYS oe 1T—-UP. THE 


CHANNELS 


Ze 0 


: BEING USED ARE 8 ~- 17. THE 


INITIALIZING 


2820 
oF 
2900 
6300 
3400 
00 
3504 
5 Stale 
ee 10 
BZ 0 
B=30 
3600 
3700 
USE 
5 TAS, 
3800 
3810 
BZ 0 
3830 
3900 


i ROUTINE STARTS WITH CHANNEL 


CHAN (J) 
GAIN (J) 
NEAT J 
f 


Al 
Gi 


eee te THE SYSTEM 


f 
CALL LABPAC (RESULT, LRESET) 
be RESULT <ee THEN “GOrO 7070 “print error 

v 
1812 

18 


UStale lit ea LOD SADDRESS Or THE BOARD 
‘THE NUMBER OF CHANNELS YOU WANT TO 


ADDRESS = 
NCHANS = 


| Ss TARTS WITH ZERO 
CHANNEL = 0 ’ THE DMA CHANNEL, O = 
f 


DISABLED 
‘INITAILZE THE CHANNELS 
v 


CALL LABPAC (ADDRESS, NCHANS 


...,CHANNEL, GAIN (0), RESULT, AIINIT) 


moO TF RESULT <> 0 THEN GOTO 7070 ‘print error 

eeeO oO 

4200 ADRESS = 1816 ‘SET THE TIMER ADDRESS 
a0 ” 

eo  INITIALZE THE TIMER 

ZO ! 

4300 CALL LABPAC (ADRESS, RESULT, TIINIT) 

fewer RESULT <> 0 THEN GOTO 7070 ‘print error 

4500 ’ 

moO) READ T,S,X,Y 

4600 TIMNUM = 1 ’DECLARE THE TIMER CHANNEL 

4700 COUNT = S ‘’SET THE TIMER SOURCE SEE LABPAC MANUAL 
4800 PERIOD = X Sentara On pyre COUNTS BY TO SET 
4810 . INTERRUPT RATE. DIVIDE THE 
INTERRUPT 
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4820 RATE BY FOUR TO GET THE SWEEP RAG 


Ae50 14 = 10007 kz 
ASS Ont 

4840 ’ INITIALZE THE SWEEP 

ASo ieee 


4900 CALL LABPAC(TIMNUM, COUNT, PERIOD, RESULT 3 702m 
5000 IF RESULT <> 0 THEN GOTO 7070 8 or eae 

5200 INTERRUPT = 7 ‘SET THE INTERRU@E 

5300 CALL LABPAC (TIMNUM, INTERRUPT, RESULT, SWINIT) 

9400 IF RESULT <> 0 THEN GOTO 70/0 " printWereee 

eyes), 6) Og 

59600 SWTIME = T ’NUMBER OF INTERRUPTS TO SKIP A READING 
5700 NSWEEPS = Y’NUMBER OF SWEEPS REQUIED FOR THE DELTA T 
5800 NCHANS = 10 "HOW MANY CAHNNELS TO READ 


5900 FIRST = 8 “WHAT CHANNEL TO START WITH 
oe te ad 

59Z0 ‘COLLECT THE DATA 

oe) 616 aaa 


6000 CALL LABPAC (SWTIME, NSWEEPS, NCHANS 

..., CHAN (FIRST) , DATBUF (0), RESULT eens) 

6100 IF RESULT < 0 THEN GOTO °7070 | 7 Oieinerame a 
200 ts 

6210 ’ CHECK TO SEE IEF ALL THE DATA 1S COLLECEED 
622 0m 

6300 NSWEEP= 0:CALL LABPAC (NSWEEP, RESULT, AISTAT) 
6310" 

6320 ‘'DEFINE THE OUTPUT FILE, CREATE IT AND WRITE THE 
DATA 10° 1T 

6s500 * 

6400 ’ 

6450 Print “Input data £22ename.. 

6460 input BS 

6500 CALL LABPAC (BS, RESULT, LCREATE) 

6600 IF RESULT < 0 THEN GOTO 7070 " prame@eecrre. 
6700 HANDLE = RESULT 

6800 CALL LABPAC (HANDLE, NSWEEPS, NCHANS 
»..,CHAN(FIRST) , DATBUF (0); RESULE TWRti 

6900 IF RESULT <> 0 THEN GOTO 7070 “Semaniteerzes 
6950 CALL LABPAC (HANDLE, RESULT, LCLOSE) 

7OOO 7 

7040 GOTO 7520 

1105) 0S 

7060 THE ERROR TABLE AS SUPPLIED BY SCIENTIFIC S0bUIte4 = 
707 Ome 

7080 ON RESULT-&H8000 GOTO 

7100, 7110, 7120, 7130, 7140, 7150, 7 1cURee 
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7090 PRINT “UNKNOWN ERROR CODE 
70 

peOG PRINT “PARAM; sCOLOe 570 
Pero) SPRINT “RANGE"™; :GOTO 7570 
foo) 6 PRINT “OVERRUN”; ;GOTO 7570 
fees) PRINT "TABLE"; +:GOTO 7570 
pr4Q0 PRINT “FILERR"; :GOTO 7570 
fea0 PRINT “DMAERR"; :GOTO 7570 
foo PRINT "“TIMERR"; :GOTO 75/0 
feo.) PRINT “DIMENSTON"; 

fas} 

feo0))6’ CLOSE THE DATA FILES 

200 2° 

7210 CALL LABPAC (RESULT, LRESET) 
mz20 KEY ON 

7230 DEE SEG 

7240 ° 

WZ 50 

INTERVA 

mzoO 

feeo DATA 1,14,25,20 ,RUNI.DAT 
foo90 «| 

7400 GOTO 7570 

mao> = 

f270 END 


ad 


Dee e SUL)": 


GOTO 


“Dee aiNE SiHE DATA FOR THE SWEEP RATES AND TIME 
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APPEND ivat 
Fast Data Acquisition Procedures 


lve Calibratr avon 


A. Verify the load cell and LDVT power SupplieStaae 
outputting 5 ana 24 voles: 


B. 
machine. 


Ls. 


Calibrate the %* load meter on the Instron 


Take readings with 0,5,15,10,5,0 (or Suitamee 
Intervalsye The uUnleaGaing cheers fea 
hySsierits: 

Repeat to check for repeatability. 

Plot and curve fit the data as load Vsiiie 
load 


C. Calibrate the load cells 


Execute LABPAC program. 

Connect a voltmeter to the load cell to be 
calibrated. 

Hang known weights over the expected range as 
Nijal jet he 

Take a reading in millivolts and binary. The 
binary reading can be obtained from 
LMENUCAL.BAS. 

Repeat for a repeatability check. 

Plot and curve fit both sets of data as Wigaa 
Vis. VOL, bilnaaay 


D. Calibrate the LDVT 


Wm GW NO 


Mount the LDVT on an accurate displacement 
measurer. 

Connect a voltmeter. 

Zero the LDVT using the voltmeter. 

Move the shaft known distances in both 
directions taking volt and binary readings 
(use LMENUCAL.BAS for the binary readings). 
Repeat for a repeatability check. 

Plot and curve fit both sets of data as load 
vs. volt/binary. 
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IIT. Bundle Test 


A. 


ot . 


OD Lee, 


Mount the Samples 


1. Ensure the manual/auto switch is in the 
Mena Os dhe aeo@ tl, 

2. Verify the load cell and LDVT power supplies 
are outputting 5 and 24 volts. 

3. Hand a 2 Kg weight on each load cell and 

record the millivolt reading. 

Loosen the nuts on the differential screws. 

Mount the samples. 

Adjust the load on the samples with the 

differential screw until the 2 Kg reading is 

reached. Tighten the nuts. 

7. Relax the load and let rest overnight. 


Oy & 


Begin the Test. 


1. Set the crosshead speed to 20/1 and the 
variable knob to the second mark from the 
Emin SeLEING 

2. Set the tension/compression switch Eo 
tension. 

3. Set the ENG/SI switch to SI. 

4 Set the high and low limits on the _ 700 
Somew@l Uh dte. 

5. Verify the load cell and LDVT power supplies 
SaemouepUErInNG © anda volts. 

6 start LMENU.BAS 

eS eee eheemanuial/auto SWitChmEO alto. 

8. Verify the machine loads to the desired load. 

s) After 15 days switch to the slow data 
acquisition system. 


Data Transfer 


Transfer the data before running LMENU1O.BAS 
again. The data will be written over. 

Use a text editor to strip the first few lines. 
Set up the spreadsheet time column. 

Import the data file at the correct place one 
after the other (1-14). 
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APPENDIX G 
Slow Data Acquisition Procedures 


ae Set-up the HP units in series. Order is not 
important since commands are passed to the next unit if 
it does not recognize. 


2. Format Cassette Tapes 


Insert tape 

Execute the following commands 

XEQ ALPHA NEWM ALPHA 447 

(This will give a maximum number of data files 
per tape.) 


oe Ensure the Data Acquisition/Control ROM PAC is 
inserted into the HP 41. 


4. Set the date and time in the HP 41. 
9. Allocate registers in the HP 41: 
Minimum of 38 plus one for each channel to be 
bead. 
XEQ ALPHA SIZE ALPH 048 
6. Execute the Data Logger program: 
XEQ ALPHA DL ALPHA 


Answer the questions as shown in the ROM PAC 
manual as follows: 


New Y/N: if first stimes was 
Farsi “Gh : 3 

Last Ch: is 

Funce2on: OLAS 

Pirstmen. R/S 

Record: N 

Prive. BG 

Interval: ZAOOU0O 
Interations: 100 (or any convenient number) 
Start Time: R/S 

Start Date: R/S 


Periodically check the paper roll in the printer, 
replace when needed. 


mie 


Repeat every 100 days 
Enter data into the spreadsheet. 
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